Localization of erythropoietin messenger RNA was studied by an in situ hybridization procedure
In the present study, the main area of eryth ropoietin synthesis in the kidneys was studied using an in situ hybridization procedure and anti-sense oligonucleotide probes in mice with acute anemia.
Materials and Methods

Animals and treatment
Ten male ICR mice were obtained from a com mercial breeding colony (CLEA Japan Inc., Tokyo) at 5 weeks of age and were acclimatized to the envi ronmental conditions for 2 weeks. Acute anemia was induced in half of these mice, and the remaining animals were used as untreated controls. The proce dure used to induce acute anemia was a modified version of a previously reported procedure21,22,24.
Five hundred microliters of blood were taken from 
Statistics
The data on hematology and erythropoietin concentrations were analyzed statistically as follows.
First, the data were tested by the F test for homogene ity of variance between the control and anemic mice29.
If the variances were homogeneous, the Student's t test was applied, and if the variances were heterogene ous, the Aspin and Welch t test was performed to compare the mean of the control values with that in the anemic mice. All statistical tests were conducted at the 5% and 1% two-tailed probability levels. Plasma and kidney erythropoietin ( Table 3) Erythropoietin levels in the plasma and renal cortex and medulla in the mice with the acute anemia were 797.0mU/ml, 216.7, and 11.3mU/g protein, respectively, and these values were 50, 16, and 4.5 times higher than those in the untreated control group.
Erythropoietin mRNA in the kidneys ( Silver grains indicating erythropoietin mRNA were observed in the interstitial cells in the cortex and outer stripe of the outer medulla in the kidneys of mice with the acute anemia. However, no silver grains were found in the glomeruli or tubular epith elial cells in the same region. In addition, eryth ropoietin gene expression was not found in the inner medulla or papilla of the kidneys in the mice with acute anemia or in any region of the kidneys in the untreated control mice.
Discussion
Erythropoietin mRNA expression was observed in the interstitial cells in the cortex and outer stripe of the outer medulla of the kidneys in the mice with acute anemia in the present study. Therefore, the erythropoietin producing cells in the kidneys were considered to be the interstitial cells in the cortex and outer stripe of the outer medulla. However, eryth ropoietin producing cells have been identified as the glomerular epithelial cells, mesangial cells, or cortical tubular epithelial cells in the kidneys by immunohis tochemical examination12-19. Erythropoietin mRNA expression was observed in the cortical per itubular cells in the kidneys using an in situ hybridi zation method when erythropoietin synthesis was stimulated by experimentally induced anemia22-24. In those studies, the erythropoietin probe fragment derived by cutting with the BamH1 and SmaU or EcoRI, 2,125 or 2,783 base pairs were used in an in situ hybridization method. Although anti-sense 45 mer oligonucleotide probes of mouse erythropoietin were used for in situ hybridization of erythropoietin in the present study, erythropoietin mRNA expression was observed in the interstitial cells of the kidneys and was considered to be similar to the results shown in previous studies22-24. Therefore, these probes used in the present study were confirmed to be useful for in situ hybridization of erythropoietin. On the other hand, erythropoietin mRNA expression was reported in the cortical renal tubular epithelial cells by an in situ hybridization method using a 45-mer anti-sense oligonucleotide probe from exon IV of the mouse erythropoietin gene when erythropoietin synthesis was stimulated in mice subjected to hypobaric hypoxia25,26. The difference in the erythropoietin mRNA expressing cells in the kidneys may depend on the way in which erythropoietin synthesis is induced, i.e., bleeding induced anemia22-24 or hypoxic conditions25,26.
Erythropoietin mRNA expression was not detected in any portion of the kidney in the untreated control group, and it was considered that eryth ropoietin mRNA levels in the control mice may have been too low to detect22-25. The plasma eryth ropoietin level was increased in the mice with acute anemia and the value was 50times higher than that in the untreated control group. The erythropoietin level in the renal cortex in the mice with acute anemia was also increased, and the value was 16times higher than the control value. Although the erythropoietin level in the renal medulla was 4.5times higher than the control value, the absolute value (11.3mU/g protein) was lower than that in the renal cortex (216.7 mU/g protein). Erythropoietin mRNA expression was found in the interstitial cells in the cortex and outer stripe of the outer medulla of the kidneys in the mice with acute anemia. It is considered therefore that the increase in erythropoietin synthesis in the renal cortex was the main reason for the increase in the plasma erythropoietin level.
From the results of our study, it was concluded that the main area of erythropoietin synthesis in the kidneys was the interstitial cells in the renal cortex and outer stripe of the outer medulla in the mice with acute anemia. 
